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© Fluid evacuation system especially for surgical purposes. 



© A fluid evacuation system (8) which is particu- 
larly well-suited for removing liquids from the site of 
a surgical procedure. In one configuration the sys- 
tem (8) is in the form of a pad (9)which can be 
placed directly on a patient or used in conjunction 
with a surgical drape. The pad is connected to a 
vacuum source and as fluids flow across the top 
surface (10) of the pad, they are drawn down into a 
fluid receiving chamber (14) and then removed via a 
suction line (20). As a result, fluids present during a 
surgical procedure are taken completely away from 
the operating site. In another configuration, the sys- 
tem is in the form of a suction rail (30) which 
operates in the same fashion but can be molded or 
formed into a particular shape and then attached to a 
surgical drape (32) in the expected path of fluid run- 
off. 
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The present invention relates to a fluid evacu- 
ation system especially for surgical purposes. 

While traditional surgical procedures have al- 
ways been bloody, the advent of less invasive 
surgical procedures, such as knee arthroscopies, 
has actually increased the total amount of fluids 
present during a given surgical procedure due to 
the large quantities of irrigation fluids used. At- 
tempts to control body and other fluids have 
ranged from simple to increasingly complicated 
methods. This is due in part to increased concerns 
over the risks to health care workers in the operat- 
ing room. This includes the surgical team as well 
as those individuals responsible for preparing and 
cleaning the operating room after the completion of 
a procedure. 

Fluid control in the most crude form is char- 
acterized by simply letting all fluids fall off the 
operating field onto the operating room floor fol- 
lowed by a complete clean-up by the housekeep- 
ing staff. Several risks are involved in practicing 
fluid management in this manner. First, all fluids 
originating in the operative field must fall past the 
operative staff thereby bringing some degree of 
risk of contamination to the operating staff them- 
selves due to the contaminants contained within 
the fluid. This is compounded by the secondary 
risks of having liquids on the floor with the asso- 
ciated risks of slipping and falling. Thirdly, there 
are increased risks to the housekeeping staff due 
to their contact with the fluids during the clean-up 
procedure. 

Absorbent pads are sometimes placed on the 
operating room floor to capture falling liquids as 
one solution to this problem. However, these pads 
have a limited capacity and seldom can be situated 
so as to capture all the fluid. In any event, most 
operating room personnel object to floor capture 
methods as the fluids have already passed by the 
staff. Furthermore, the contaminated floor pads 
must still be handled by housekeeping staff during 
the clean-up procedure. 

Another solution to this problem has been the 
advent of a product commonly referred to as a lily 
pad which sits on the floor and consists of a hard, 
plastic platform on which the surgeon and staff can 
stand during the operative procedure. The lily pad 
has holes in its upper surface through which fluids 
are drawn and removed by room suction devices. 
The problem with this design, however, is the fact 
the actual removal of the fluid does not take place 
until the fluid has passed by the operating room 
staff during the surgical procedure. In addition, lily 
pads are of a finite size and therefore, if the fluids 
do not fall directly on the pad, additional clean-up 
will still be required by the housekeeping staff. 
Lastly, because of the hard surface of such lily 
pads, splashing is often a problem. 



Rudimentary operative field fluid control is 
achieved through the use of absorbent materials 
near the operative site, such as gauze sponges 
and/or huck towels in and around the operative site. 
5 Another solution is the building of absorbent ma- 
terials into or on the surgical drapes for limited fluid 
control. Such methods, however, are effective only 
in those situations where fluid flow is extremely low 
and/or sporadic. In cases where heavy irrigation is 

70 anticipated, the towels will have to be continuously 
replaced to afford any kind of control for heavy 
fluid volume. 

Another common means of fluid control and 
removal which is site specific is the use of suction 

75 lines. However, such suction devices are very lo- 
calized in the utilization, are hand held and must be 
held in place, most often directly adjacent the fluid 
source to be effective. 

Perhaps the greatest advancement in large 

20 scale control of fluids is the utilization of fluid 
collection pouches, either alone, or in conjunction 
with surgical drape designs. Such fluid collection 
pouches will often surround at least a portion of the 
operative site to provide continuous fluid collection. 

25 Such fluid collection pouches can optionally be 
used in conjunction with drain tubes to allow the 
fluids collected within the pouch to be siphoned off 
to another reservoir such as a collection pail under- 
neath the operating table. A drawback with such 

30 fluid collection pouches, however, is the fact that 
they depend upon gravity to work. As a result, the 
pouches oftentimes hang over the side of the pa- 
tient and operating room table such that they are 
often bumped into or leaned up against by the 

35 operating room staff which in turn can cause spill- 
age of the fluid back out of the bag and/or closing 
of the opening in the bag so that fluids cannot 
properly enter. 

It is therefore an object of the present invention 

40 to provide a fluid containment and removal device 
which will improve upon the aforementioned de- 
signs. 

This object is solved by the fluid evacuation 
system of independent claims 1 or 13 and the 

45 surgical drape of independent claim 14. Further 
advantageous features, aspects and details of the 
invention are evident from the dependent claims, 
the description, and the drawings. The claims are 
intended to be understood as a first non-limiting 

50 approach of defining the invention in general terms. 
The invention provides means for collecting 
and removing fluids from the areas adjacent a 
surgical site during a surgical procedure. More 
particularly, the present invention relates to a suc- 

55 tion pad and a surgical drape incorporating such a 
suction pad for collecting and evacuating fluids 
during a surgical procedure. 
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It is another aspect of the present invention to 
provide a fluid collection and removal device which 
has virtually unlimited capacity thereby alleviating 
many of the problems with past designs due to 
capacity restrictions. It is yet a further aspect of the 
present invention to provide a fluid collection and 
removal system which will yield an operating field 
directly adjacent the operating site which is rela- 
tively clean and free of fluid. These and other 
aspects and details of the present invention will 
become more apparent upon a further review of the 
following specification, drawings and claims. 

The present invention provides a fluid evacu- 
ation or suction device which can be used to chan- 
nel and remove fluids from the operating site dur- 
ing a surgical procedure. The system, according to 
a preferred aspect, has a liquid impervious bottom 
layer and a liquid pervious top layer with the top 
and bottom layers being joined to each other by a 
fluid impervious seal to define a fluid receiving 
chamber between the top and bottom layers. Sepa- 
ration means are located within the chamber for 
maintaining the top and bottom layers generally 
separated from one another and the chamber itself 
is provided with means for evacuating the chamber 
of liquid entering the chamber through the liquid 
pervious top layer. The system is placed adjacent 
the source of fluid, e.g. the operating site or in the 
general path of fluid run-off. A source of vacuum is 
connected to the fluid receiving chamber. As fluid 
is directed across the liquid pervious top layer, it 
enters the fluid receiving chamber where it then 
can be drawn-off via the evacuation means. 

If desired, the separation means can be made 
from a liquid permeable material such as an open 
celled foam so that maximum utilization of the fluid 
receiving chamber is possible. To insure effective 
utilization of the system, it may further include one 
or more liquid control rails located about at least a 
portion of the periphery of the top layer of the 
system and extending above the general plane of 
the top layer for channeling and retaining fluids on 
the top layer. If desired, the liquid control rails 
themselves may act as a fluid evacuation system 
and can be made to be in fluid communication with 
the fluid receiving chamber so that the liquid con- 
trol rails themselves may receive fluids. 

The liquid-permeable top layer also may be 
made liquid absorbent so as to collect and retain 
liquids prior to their passage into the fluid receiving 
chamber. Consequently, the top layer may include 
a first layer of liquid absorbent and permeable 
material in contact with a second layer of perfo- 
rated polymeric film with the first layer being dis- 
posed away from the fluid receiving chamber. In 
addition, the top layer may have selected areas of 
liquid permeability and impermeability. 



When the system is very large in design and/or 
the source of vacuum is not strong, the fluid receiv- 
ing chamber may be compartmentalized into a 
plurality of chambers each of which has its own 

5 evacuation means so that selected fluid evacuation 
can take place. 

The fluid evacuation system may be used by 
itself. It can also be used in the field of surgery in 
conjunction with a surgical drape in which case the 

io fluid evacuation system may be placed on top of or 
physically attached to the drape or patient. In an- 
other design, the fluid evacuation system may be 
formed into a rail-type configuration which can be 
molded and conformed to form a fluid dam or 

75 trough to stop, collect and remove fluids. 

Figure 1 is a perspective view of a fluid evacu- 
ation system according to the present invention. In 
this embodiment the invention is in the form of a 
pad. 

20 Figure 2 is a perspective view of a fluid suction 

rail according to the present invention which is 
attached in this example to a surgical drape in the 
expected path of fluid run-off. 

Figure 3 is a cross-sectional view of the fluid 

25 evacuation system of Figure 1 taken along line 3-3 
of Figure 1 . 

Figure 4 is a cross-sectional view of the fluid 
suction rail of Figure 2 taken along line 4-4 of 
Figure 2. 

30 Figure 5 is a perspective view of yet another 
fluid evacuation system according to the present 
invention. 

Figure 6 is yet another embodiment of a fluid 
evacuation system according to the present inven- 
35 tion. 

The present invention is generally directed to a 
means for collecting fluids generated and/or re- 
leased and more specifically but not limited to, 
such means used during a surgical procedure in 

40 and about the surgical site and the invention will be 
explained in the following in the context of this 
specific field of application. The invention com- 
prises a fluid or liquid evacuation system which 
when connected to a source of vacuum will act to 

45 remove the fluids completely away from the operat- 
ing site as opposed to collecting and retaining 
them in close proximity to the surgical site as has 
been typically the case with, for example, fluid 
collection pouches. Generally speaking, to accom- 

50 plish this, the system 8 of the present invention 
uses a liquid pervious top layer 10 and a liquid 
impervious bottom layer 1 2 which are sealed about 
their peripheries 13 to one another to create a fluid 
receiving chamber 14 which contains separation 

55 means 16 to keep the fluid chamber 14 from col- 
lapsing when the chamber 14 is placed under 
negative pressure. Located in at least one portion 
of the fluid chamber 14 is an evacuation means 18 
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such as a fluid port which can be attached to a 
suction hose 20. As liquid flows across the top 
layer 10, it enters the fluid chamber 14 and is then 
withdrawn from the fluid chamber 14 via the evacu- 
ation means 18. 

To illustrate the usefulness of the present in- 
vention, several embodiments of the invention are 
shown in Figures 1 through 6. In Figures 1 and 3, 
the fluid evacuation system 8 is in the form of a flat 
pad 9 which may or may not include optional fluid 
control rails 22 located about the periphery 13 of 
the system 8 to channel and direct liquids onto the 
liquid pervious top surface 10. This configuration 
may be placed in the expected path of fluid run-off 
to channel, collect and withdraw fluids from the 
operating site. In Figures 2 and 4, the system is 
shown as a flexible evacuation rail 30 which may 
be pre-attached to a surgical drape 32 or provided 
with an adhesive attachment flap 34 so that the 
system 30 can be sold separately and then molded 
into shape and attached to the surgical drape 32 
where needed. 

In Figure 5, the system 8 of the present inven- 
tion is shown as being in the form of a pad sur- 
rounded by optional fluid control rails 22. In this 
embodiment, the area 21 directly surrounding the 
fenestration 24 is not provided with a fluid collec- 
tion chamber 14. However, directly below the fe- 
nestration 24 in the path of expected fluid run-off, 
the pad is provided with at least one and, if de- 
sired, multiple fluid collection pads 9A and 9B 
which each have their own evacuation means 18A 
and 18B so that selective removal of fluids can be 
achieved. This embodiment is particularly useful 
with a vacuum source (not shown) which does not 
have sufficient vacuum power to create a vacuum 
throughout the entire structure. As a result, the 
evacuation tube can be selectively attached to a 
specific fluid receiving chamber or all the fluid 
receiving chambers can be connected to an evacu- 
ation source if so desired and if there is sufficient 
vacuum force. 

Figure 6 shows a compact fluid evacuation 
system 8 according to the present invention 
wherein the fluid receiving chamber completely 
surrounds the fenestration 24 and may be used, if 
desired, with optional fluid control rails 22. 

Turning to Figures 1 and 3 in more detail there 
is shown a fluid collection system 8 which includes 
a liquid permeable top layer 10 and a liquid imper- 
vious bottom layer 12 joined to each other by a 
liquid impervious seal 13 to define a fluid receiving 
chamber 14 between the top and bottom layers 10 
and 12 respectively. The liquid impervious bottom 
layer 12 may be made from any material which will 
not readily pass liquids. Plastic films and in particu- 
lar those films which can be adhesively, ultra- 
sonically or thermally bonded provide desirable 



materials for forming the liquid impervious bottom 
layer 12. The liquid permeable top layer 10 may be 
a single layer or a laminate. Suitable materials 
include perforated plastic films, nonwoven materials 

5 and foamed materials. In addition, laminates may 
be formed from one or more of the foregoing 
materials. For example, a perforated plastic film 
may be laminated to or simply placed in contact 
with a woven, nonwoven or foamed material which 

w can both absorb and pass fluids through to the 
perforations in the plastic film below. Such a layer 
above the perforated plastic film provides the ad- 
ded advantage of acting as a temporary reservoir 
for the fluids which contact the top layer 10 before 

75 the fluids are actually drawn through the top layer 
10 and into the fluid receiving chamber 14. In 
addition, typically hydrophobic materials such as 
polypropylene spunbond nonwovens may be treat- 
ed with surfactants to increase the penetration rate 

20 of the liquid through the top layer 10. It also should 
be noted that when using a plastic film, the film 
may either be perforated across its entire surface 
or selectively perforated in specific areas to create 
localized areas of suction. 

25 Given the nature of the materials used to form 
the top and bottom layers 10 and 12 of the fluid 
evacuation system 8, these materials will tend to 
collapse upon themselves when placed under a 
vacuum. As a result, there is provided within the 

30 fluid collection chamber 14 one or more separation 
means 16 to prevent the collapse of the fluid col- 
lection chamber 14 and a reduction in the fluid 
handling capacity of the fluid evacuation system 8. 
The separation means 16 may be made from any 

35 type of rigid or semi-rigid material and can be 
either porous or non-porous. For example, rubber 
blocks or tubing may be used for the separation 
means 16. In addition, the separation means may 
be made from an open or closed-cell foam. The 

40 foam can be placed within the fluid collection 
chamber 14 in any number or variety of forms 
including strips, blocks or an entire layer if the 
foam itself is capable of transporting liquids. In 
Figure 3, the separation means 16 is shown as 

45 separate pieces of fluid pervious foam separated 
by open areas 17 within the chamber 14. 

To enable the fluid collection chamber 14 to be 
evacuated of the fluids which enter the chamber via 
the liquid pervious top layer 10, the fluid chamber 

so 14 is supplied with an evacuation means 18 which 
can be used in conjunction with a vacuum pump, 
fluid reservoir canister and filter (not shown). In 
Figure 1 , the evacuation means is simply a tapered 
fluid exit port which provides a path of fluid flow 

55 from within the chamber 14 to outside the chamber 
14. The evacuation means 18 may be connected to 
a suction hose 20 which is in turn connected to an 
evacuation pump system (not shown). As a result, 
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the evacuation means 18 can be regarded as sim- 
ply the fluid port or the fluid port in conjunction 
with the entire evacuation system which is used to 
draw the fluids through the top layer 10 into the 
fluid chamber 14 and out the fluid port 20. 

To better control excessive liquid flow onto the 
fluid evacuation system 8, the system 8 may be 
provided with fluid channeling rails 22 about one or 
more edges of the system 8. Most typically these 
rails 22 include a fluid impervious material and are 
attached about the periphery 13 of the system. 

Turning to Figures 2 and 4, there is shown an 
alternate embodiment of the present invention in 
the form of a fluid evacuation rail 30. Essentially, 
this version of the present invention is a fluid 
collection rail which has the same components as 
the fluid evacuation system 8 but which is capable 
of being molded and then attached to a surgical 
drape 32 in the expected path of fluid run-off. The 
drape or mainsheet 32 can be defined as having a 
top edge 38 and a bottom edge 40 separated by 
opposed side edges 42 and 44. 

In Figure 2, the fluid rail 30 is formed into a 
curved configuration and then attached to the 
drape 32 such that the pad portion extends upwar- 
dly away from the plane of the drape 32 so as to 
trap fluids which can then be suctioned away from 
the operating site. In Figure 4, the fluid rail 30 is 
shown in cross-section attached to the drape 32 via 
an adhesive 36 located on the attachment means 
34. The adhesive in turn can be covered by a 
release sheet, not shown, as is common practice to 
protect the adhesive prior to attachment to a drape 
or patient. Alternatively, the fluid rail 30 may be 
thermally or ultrasonically bonded to the surgical 
drape 32 or may be attached via other means 
readily known to those skilled in the art. As with the 
other embodiments, the fluid rail 30 includes a 
liquid pervious top layer 10 and a liquid impervious 
bottom layer 12 which are sealed about their pe- 
ripheries 13 to form a fluid receiving chamber 14 
including separation means 16. To secure the fluid 
suction rail 30 to the drape 32 the fluid suction rail 
30 is provided with attachment means 34 such as a 
plastic film or other material which may be affixed 
to the surgical drape 32. In the embodiment shown 
in Figure 4, the attachment means, which in this 
case is a plastic film, has an additional layer of 
foam 35 secured to its top surface to absorb at 
least some of the liquid prior to its being drawn into 
the fluid collection chamber 14 via the liquid per- 
vious top layer 10. To maintain the fluid suction rail 
30 at an angle which is raised above the plane of 
the drape 32, the fluid suction rail 30 may be 
provided with support means 37. In Figure 4, the 
fluid suction rail 30 is shown as being generally at 
right angles to the plane of the drape 32, however, 
by using support means such as malleable metal 



strips, the fluid suction rail may be positioned at 
virtually any angle to the drape 32 to better chan- 
nel and collect fluids. 

In use, as fluid leaves the fenestration site 24 
5 and flows toward the fluid suction rail 30, a suction 
hose 20 can be attached to the evacuation means 
18 to create a vacuum within the fluid chamber 14 
thereby drawing liquids through the liquid pervious 
top layer 10 into the fluid chamber 14 and then out 

70 of the system via the evacuation means 18 to 
thereby evacuate fluids from the surgical site. 

Turning to Figure 5, there is shown a fluid 
evacuation system 8 which includes a fenestration 
material 21 such as a plastic film with a fenestra- 

75 tion 24 defined therein. This portion of the system 
8 is placed directly over the incision site and the 
incision in the patient (not shown) is made through 
the fenestration 24. Directly below the fenestration 
material and connected thereto are two separate 

20 suction pads 9A and 9B respectively. Each of 
these suction pads 9A and 9B each have the same 
configuration as shown in Figure 1 including a 
liquid pervious top layer 10, a liquid impervious 
bottom layer 12 joined to the liquid pervious top 

25 layer 10 about the periphery 13. Located within the 
fluid collection chamber 14 is separation means 16 
and the respective suction pads 9A and 9B are 
provided with evacuation means 18A and 18B re- 
spectively. To further channel and contain fluids, 

30 the system 8 may be provided with fluid collection 
rails 22 about one or more edges of the system 8 
by attachment to the periphery 13. 

In use, either one or the other or both of the 
suction pads 9A and 9B may be connected to a 

35 vacuum source (not shown) via evacuation means 
18A and 18B respectively. This system is particu- 
larly useful when the vacuum source is not very 
strong, since the vacuum is being drawn over a 
reduced area due to the separation of the suction 

40 pad into individual compartments, greater suction 
force is available to quickly remove the fluids. 

In Figure 6, like numerals are used to denote 
like elements of the present invention. Here again 
the system 8 is attached to a mainsheet 32 having 

45 a top edge 38 and a bottom edge 40 joined by 
opposed side edges 42 and 44. As can be seen 
from Figure 6, in this embodiment, the fluid evacu- 
ation system 8 defines a fenestration 24 located 
within and surrounded by the fluid evacuation sys- 

50 tern 8. The fenestration 24 is in vertical registry 
with a similar fenestration in the mainsheet 32. 
Once again the system 8 may be provided with 
one or more fluid channeling rails 22 located about 
the periphery 13 of the system 8. This configura- 

55 tion is particularly well suited for placement directly 
over the incision site and when connected to a 
vacuum source via the evacuation means 18 will 
serve to collect and withdraw fluids within a 360* 
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radius of the site of the incision (not shown). If 
desired, the fluid channeling rails can be made into 
fluid evacuation systems which are in fluid commu- 
nication with the overall system. In this way, the 
rails are themselves capable of receiving liquids 5 
which can then be evacuated through the main 
system. 

It should be appreciated that each of the sys- 
tems described in Figures 1 through 6 are illustra- 
tive only and therefore not intended to limit the w 
scope of the present invention. It also should be 
noted that these systems can be used by them- 
selves or they can be placed upon or attached to 
surgical drapes to further facilitate the removal of 
liquids during a surgical procedure. Lastly, while 75 
the present invention has been described in con- 
junction with its use with surgical drapes, other 
applications are intended to be within the scope of 
the present invention. 

20 

Claims 

1. A fluid evacuation system (8) comprising: 

a liquid impervious bottom layer (12) and a 
liquid pervious top layer (10), said top and 25 
bottom layers being joined to each other by a 
seal (13) to define a fluid receiving chamber 
(14) between said top (10) and bottom (12) 
layers; 

separation means (16) located within said 30 
chamber (1 4) for maintaining said top and bot- 
tom layers generally separated from one an- 
other, and 

means (18) for evacuating said chamber 
(14) of liquid entering said chamber through 35 
said liquid pervious top layer (10). 

2. The fluid evacuation system of claim 1 wherein 
said seal (13) is fluid impervious. 

40 

3. The system of Claim 1 or 2 wherein said 
separation means (16) is a liquid permeable 
material. 

4. The system of any one of the preceding 45 
claims wherein said separation means (16) is 

an open-celled foam. 

5. The system of any one of the preceding 
claims wherein said evacuation means (I8)is a 50 
fluid outlet port for allowing drainage of fluid 
collected within said chamber (14). 

6. The system of any one of the preceding 
claims which further includes liquid control 55 
rails (22)located about at least a portion of the 
periphery of said top layer (10) and extending 
above the general plane of said top layer for 



channeling and retaining fluids on said top 
layer (10). 

7. The system of any one of the preceding 
claims, which further includes attachment 
means (34) for securing said evacuation sys- 
tem (8) to a substrate (32), preferably a sur- 
gical drape or patient. 

8. The system of any one of the preceding 
claims wherein said liquid permeable top layer 
(10) is also liquid absorbent to collect and 
retain liquid prior to its passage into said fluid 
receiving chamber (14). 

9. The system of any one of the preceding 
claims wherein said top layer (10) has selected 
areas of liquid permeability and impermeabil- 
ity. 

10. The system of any one of the preceding 
claims wherein said top layer (10) comprises a 
first layer of liquid absorbent and permeable 
material in contact with a second layer of per- 
forated polymeric film, said first layer being 
disposed away from said fluid receiving cham- 
ber (14). 

11. The system of Claim 7 or any claim dependent 
upon claim 7, wherein said attachment means 
(34) comprises an adhesive on the side of the 
bottom layer disposed away from said cham- 
ber (14), said adhesive being covered by a 
release sheet to protect said adhesive (36) 
prior to the attachment of said system to a 
substrate (32), preferably a drape or patient. 

12. The system of Claim 6, or any claim depen- 
dent upon claim 6, wherein said liquid control 
rails (22)are in fluid communication with said 
fluid receiving chamber (14) and are them- 
selves capable of receiving fluids. 

13. The system of any one of the preceding 
claims wherein said fluid receiving chamber 
(14) is compartmentalized into a plurality of 
chambers each of which has its own evacu- 
ation means (18A, 18B) so that selective fluid 
evacuation can take place. 

14. A fluid evacuation system (8) comprising: 

a liquid impervious bottom layer (12) and a 
liquid absorbent and permeable top layer (10), 
said top and bottom layers being joined to 
each other by a preferably liquid impervious 
seal (13) to define a fluid receiving chamber 
(14) between said top (10) and bottom (12) 
layers; 
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separation means (16) located within said 
fluid receiving chamber (14) for maintaining 
said top and bottom layers generally separated 
from one another, said separation means (16) 
further being fluid permeable; 5 

liquid control rails (22) located about at 
least a portion of the periphery of said top 
layer (10) and extending above the general 
plane of said top layer for channeling and 
retaining liquids on said top layer; w 

means (18) for evacuating said chamber 
(14) of liquid entering said chamber through 
said liquid pervious top layer (10); and 

attachment means (34) for securing said 
system to a surgical drape or patient. 75 

15. A surgical drape for collecting fluids compris- 
ing: 

a mainsheet (32)having a top edge (38) 
and a bottom edge (40) separated by opposite 20 
side edges (42, 44), said mainsheet further 
defining a fenestration therein, and a fluid 
evacuation system according to any one of the 
preceding claims, attached to said mainsheet 
in the expected path of fluid run-off. 25 
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